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From an environmental viewpoint, estimations of thallium-ion concentration have become of major interest due to their high toxicity. Ion-selective electrodes are one of the most convenient and reliable analytical tools for estimating metal-ion concentrations. There have been only a few reports concerning liquid-membrane thallium(I)-selective electrodes (Tl+-ISEs).'_4 They need to be improved with regard to both their low selectivities against alkali metal ions and pH dependence.
In a previous paper, we described a poly(vinyl chloride) (PVC) membrane Tl+-ISEs based on bis(crown ether)s containing the benzo-l5-crown-5 moiety.5 These crown ether-based ISEs exhibited good slope and linearity of calibration plots, and the electrode response was stable over a wide pH range. The Tl+ selectivity against K+ for one of the bis(15-crown-5)s (Bis-15), however, was fairly poor (log KTiK=-0.52 at least).
Recently, we found that ring-enlarged dibenzo-20-crown-6 (DB-20) and -22-crown-6 (DB-22) show higher selectivities to Tl+ than does symmetrical dibenzo-l8-crown-6 (DB-18) in solvent extraction experiments.6 It is therefore of interest to apply these crown ethers to neutral carriers for Tl+-ISEs, selectivities may be expected.
since their high TP
Experimental
The crown ethers employed in this work are shown in Fig. 1 . The preparation of the PVC membranes {i.e., PVC, 50 mg; crown ether, 5 mg; o-nitrophenyl octyl ether (NPOE), 125 mg; sodium tetrakis[3,5-bis(trifluoromethyl)phenyl]borate (NaTFPB),1 mg} was carried out as described previously. ' The EMF measurements were carried out at 25±0. showed a linear response to the Tl+ activity over a range of 3.2X105 -1.0X 10-2 M T1NO3, with a slope of 59 mV/ decade. The EMF remained constant over a wide pH range of 3 -1 1 . The response time was within 10 s and the lifetime was longer than 1 month for each electrode. Their selectivity coefficients for alkali, alkaline earth and heavy-metal cations (log KT;M), determined by the mixed solution method, are given in Fig. 2 . The log KT1K values for the electrodes based on DB-18, DB-20 and DB-22 are -0.15, -1.26 and -1.73, respectively. The DB-22-based electrode exhibits the highest Tl+ selectivity against K+. The Tl+ selectivity has been improved by more than one order of magnitude compared to the bis(crown ether)-type electrodes mentioned above. The Tl+ selectivity of the electrode based on ring-enlarged DB-20 or DB-22 is superior to that on symmetrical DB-18. This result is consistent with that involving solvent extraction. Tl+ and K+ fit tightly into the DB-18 cavity. DB-20 or DB-22 exhibits a lower binding ability to both cations. However, K+ is complexed much less strongly than Tl+ with DB-20 or DB-22. The resulting Tl+ selectivity enhancement of DB-20 or DB-22 (compared to DB-18) is ascribed to changes in the size and/ or conformation of its crown ether ring, due to the extra methylenes introduced. 
